Flotation is a method applied very often in wastewater treatment. One way of improving the efficiency of wastewater treatment by flotation is increasing the quantity and stability of foam. For this purpose, in this paper was studied CuFe 2 O 4 oxide nanomaterial for treatment of wastewater containig oil as pollutant. CuFe 2 O 4 was prepared by coprecipitation method and their structural and morphological characterisation was done by XRD and TEM analyses. In order to evaluate their potential of application in wastewater treatment by flotation were invesigated the separation efficiency of oil from wastewater and the quantity and foam stability.
The amounts of oil in municipal and industrial wastewater effluents are carefully monitored [1] [2] [3] [4] [5] [6] as they could cause serious health and environmental problems. For example, in the water resulting from petroleum plants the discharge limits of these substances are regulated at a daily maximum of 42 mg L "1 and monthly average of 29 mg . L -1 [7] . To comply with these stringent discharge limits, oily substances can be separated from wastewater using following technologies:
1. Gravity settling [8] ; 2. Centrifugal separation using Hydrocyclone [9] [10] [11] ; 3. Chemical pre-treatment (coagulation-flocculation) [12] [13] [14] ;
4. Coalescing media [15] [16] [17] ; 5. Gas flotation (induced gas flotation [18] [19] [20] [21] [22] and dissolved gas flotation [23] [24] [25] [26] ;
6. Biological processes (membrane bioreactor [27] [28] [29] [30] [31] [32] and activated sludge); 7. Media Filtration (resin, polymer, sand, clay, garnet, silica, walnut shell [33, 34] ).
Nanotechnologies are considered at the moment emerging technologies which can revolutionize a large number of application areas. In the field of wastewater treatment, as regarding the flotation, nanoparticles may act as surfactant molecules during wastewater treatment by flotation, being incorporated into surfactant-stabililised foams for some years [35] [36] [37] . Some studies found in the scientific literature presented the ability of nanoparticles to act as foams/emulsion stabilisers [36, 38] . The formation and the stability of foams are dependent of the particles size, surfactant type and concentration [39] [40] [41] [42] [43] [44] [45] [46] [47] .
Wastewater resulting from the food industr y is represented by washing water of raw material, technological waters, condensation or cooling water, water from washing and disinfection of processing facilities, machinery and packaging, water from sanitary facilities.
Oily wastewater is wastewater with oils or fats resulted from various industries. Oily wastewater has an increased potential to degrade the environment especially soil and water. Because of this reason oily wastewater is considered * email: cristina_covaliu@yahoo.com an environmental problem and for preventing this type of pollution, oily wastewater treatment is unavoidable.
The efficiency of treating wastewater using flotation systems is mainly given by the structure and stability of a froth phase. Therefore, the separation efficiency and selectivity of the flotation process relates directly to froth stability, bubble coalescence and bubble size distribution [48, 49] .
One way to ensure the existence of a stable froth is to use frothers (foam stabilizers), which have a positive effect on froth stability, bubble coalescence, mobility and also on the adhesion, entrainment and drainage of suspended matter.
In order to investigate the application of nanomaterials as froth stabiliser in flotation, our experimental study was based on testing the copper ferrite (CuFe 2 O 4 ) nanomaterial for the removal of oil from wastewater. CuFe 2 O 4 nanomaterial was prepared by coprecipitation method. Copper ferrite structural and morphological characterisation was done by XRD and TEM analyses. In order to evaluate their potential of application in oil removal from wastewater by flotation were evaluated various parameters such as: the separation efficiency of oil from wastewater and the quantity and foam stability.
Experimental part Material and methods
Ferric chloride (FeCl 3 . 6H 2 O), copper chloride (CuCl 2 . 6H 2 O), polyethylene glycol 200 (PEG200) and polyvinylpyrrolidone (PVP), sodium hydroxide (NaOH) pellets were supplied from Sigma Aldrich and were used as received. The preparation of copper ferrite nanomaterial tested in the flotation process was done by precipitation method. The precipitation was accomplished using 0.7 mol L -1 aqueous solution of sodium hydroxide and the reaction pH was 12. The molar ratio Cu 2+ : Fe 3+ : PEG: PVP unit was 1:2:7:7. The precipitate was separated by centrifugation and washed several times with water. Finally, CuFe 2 O 4 powder was obtained by precursor calcination at 550 0 C for 3 h.
The X-ray diffraction (XRD) analysis was obtained using a X'PERT PRO MPD with Cu-Kαradiation (λ = 0.15418 nm) and transmission electron microscopy (TEM) investigation was done on FEI Tecnai TM G 2 F30 S-TWIN with EDAX energy dispersive X-ray spectrometer.
The experiments were done on a synthetic wastewater containing a concentration of oil of 10% in the presence and in the absence of CuFe 2 O 4 nanomaterial. Dissolved air flotation system contained also 0.1% of anionic surfactant and 0.1 % of amphoteric surfactant.
Results and discussions X-ray diffraction
The nano-powder obtained from synthesis was analyzed by XRD. The XRD pattern has proved the formation of single phase compound with inverse spinel structure and tetragonal symmetry for CuFe 2 O 4 (fig. 1 ). The average crystallite size was 14 nm.
TEM investigation
wastewater without using copper ferrite conducted to 90 % treatment efficiency. d) the obtaining of an identical value of the amount of foam formed in the flotation process in both situations.
Conclusions
The preliminary study of the influence of using CuFe 2 O 4 nanomaterial in the wastewater treatment by flotation revealed that the main advantages were observed in the increasing the stability of the foam containing the oil pollutant, the decreasing of the time needed for wastewater treatment and the increasing of wastewater treatment efficiency. The results sustain further research on this subject of interest by investigating other several types of nanoparticles having different morphologies for wastewater treatment by flotation.
The morphology of the obtained ferrite nanoparticle was investigated by TEM. Copper ferrite powder presents a uniform size distribution and a mean particles size of 18 nm (fig.2 ). The synthesized magnetic nanoparticles show both spherical and polyhedral shape. The investigation of flotation process for treatment of oily wastewater with and without copper ferrite has led to the following conclusions: a) the decreasing of time for wastewater treatment when the copper ferrite particles were used in the flotation process, 2,5 min in comparison with 10 min; b) the increasing of stability of the formed foam when were used copper ferrite nanoparticle in the flotation process (5 h in comparison with 40 min). This aspect is important for the large-scale wastewater treatment processes when is needed sufficient time to remove the foam having the pollutant on the surface of wastewater; c) the obtaining of a wastewater efficiency treatment of 100 % only in the testes in which was used copper ferrite nanomaterial. The investigation of flotation applied to oily
